Two methods for restricting plant height (CCC application and excision of the main shoot apex) were applied to okra cv. 'Boyiatiou' with the aim of assisting crop management and optimizing yield. Apex excision 26 or 40 days after transplantation (DAT) effectively restricted plant height, but either had no effect (40 DAT) or reduced the number of side shoots per plant (26 DAT). Moreover, although the length of side shoots increased after apex excision, the number of nodes per side shoot was not affected. Hence pod number and weight was less than in the control (untreated). CCC application (500 and 2000 ppm) reduced plant height due to a reduction in internode length; however, when applied at the time of transplantation (0 DAT) (both concentrations) or 26 DAT (2000 ppm) it also caused a reduction in node number on the main stem. CCC did not affect the number of side shoots or the number of nodes per shoot, and side shoot length decreased due to shorter internode lengths. The number and weight of pods per plant was reduced by 2000 ppm CCC irrespective of the time of application, but was not affected by 500 ppm CCC at 0 DAT (pod number) or 40 DAT (pod weight and number). We conclude that the application of 500 ppm CCC at 40 DAT may aid okra cultivation since it reduces overall plant size (height and diameter) without adversely affecting yield, and may thus assist crop management (e.g. easier hand-harvesting) and permit an increase in plant density.
Introduction
World production of okra (Abelmoschus esculentus [L.] Moench., syn. Hibiscus eculentus L.) is estimated to be about 6.4 million tonnes of which 65% (4.1 million tonnes) is produced in India alone (FaoStat, 2008) . Although okra is a popular vegetable within the Mediterranean region, production is nevertheless minor and amounts to only 170,000 tonnes, i.e. about 3% of the world's total. In Greece, 1366 hectares of land were cultivated with okra in 2009, with a total production of 7,378 tonnes, representing a yield of 5,400 kg ha-1 (Ministry of Rural Development and Food, Greece, 2010) .
Five domestic okra cultivars are recognized in Greece (Koutsos, 2009 ) in addition to which there are a number of local populations (landraces). Although the majority of Greek cultivars are day neutral (Koutsos, 2009) , flowering is generally promoted by short days (Arulrajah & Ormrod, 1973) . Pod bearing occurs predominantly on the main stem but also on lateral shoots (Bhatt & Srinivasa Rao, 2009 ). Flowers form singly at the nodes and flower induction is promoted by regular harvest of the young, immature pods, which are considered to have the highest quality (Iremiren et al., 1991) . been recommended for the period May-end September (Spartsis & Kokaras, 2001 ). However, a problem that may arise with irrigated crops, especially under periods of long photoperiod, is the rapid increase in plant height which can make hand harvesting difficult within 2-3 months of planting (Passam & Rekoumi, 2009 ).
In other crops, e.g. tomato, plant height may be restricted genetically and farmers can select between determinate and indeterminate cultivars according to their production systems. In addition, in soybean (Glycine max) the application of growth regulators (e.g. Ethrel) resulted in higher vegetative growth and pod yield when applied at 40 and 60 days after sowing (Devi et al., 2011) . Although dwarf okra cultivars are commercially available, these are mainly cultivated for okra used in processing rather than for fresh consumption. Previous studies of large-fruiting cultivars have reported that the application of growth retardants, e.g. chlormequat chloride (CCC) (Zayed et al., 1985) or paclobutrazol (Syed et al., 1997) may restrict plant height and even increase the number of pods produced per plant (Bhatt & Srinivasa Rao, 2009 ), perhaps by changing the level of hormones involved in floral induction and differentiation (Jiang et al., 2010) . In the present paper we compare two methods for restricting plant height (CCC application and excision of the main shoot apex) on the growth and yield of cv. 'Boyiatiou', a major day-neutral, small-fruiting Greek cultivar (Koutsos, 2009 ) with the aim of assisting okra crop management and optimizing yield.
Materials and Methods
Seeds of okra (Abelmoschus esculentus [L.] Moench. cv. 'Boyiatiou') were scarified in H 2 SO 4 for 20 min to facilitate germination as recommended by Passam & Polyzou (1997) . Seeds were sown on 30 March 2005 in seed trays containing a commercial peat-based substrate (KTS2, Klasmann-Deilmann GmbH, Germany) and placed in an unheated greenhouse at 15-25 o C. At the two leaf stage (30 days after sowing) the plants were transferred to 0.1 l pots containing the same substrate and retained at the same temperature, while at the 6-8 leaf stage plants (45 days after sowing) they were transferred outdoors and transplanted to substrate containing 1:1 (v/v) peat (KTS2) and perlite (P4, Perloflor, Isocon SA, Athens, Greece). The experimental field consisted of six double rows (50 x 50 cm) separated by paths (1.0 m) and covered with black/white plastic to control weeds. Each plant was individually irrigated with a standard nutrient solution and the stems trained on vertical cordons to wires 1.6 m above the plants.
The following treatments were applied: The main shoot apex was excised 50 cm (1) or 80 cm (2) above the soil; plants were sprayed once with 500 ppm chlormequat chloride (CCC) at the 6-leaf stage, 46 days after sowing (3), or at a height of 50 cm, 72 days after sowing or 26 days after transplantation (4), or at a height of 80 cm, 86 days after sowing or 40 days after transplantation (5); plants were sprayed once with 2000 ppm CCC at the 6-leaf stage (6), or at a height of 50 cm (7), or at a height of 80 cm (8); plants were not treated with CCC and the main shoot apex was not excised (9, control). The concentrations of CCC were selected on the basis of previous work with large-fruiting okra (Zayed et al., 1985) . Each treatment was replicated six times and arranged in a completely randomized design. Side shoots were permitted to develop without pruning. Morphological characteristics recorded throughout cultivation included: plant height, the number of nodes per plant, mean internode distance, the number and length of side shoots. Fruit were harvested regularly at the stage of market acceptability (4-8 cm) and weighed. The experiment was terminated on 2 September (156 days after sowing, or 121 days after transplantation, DAT).
The experiment was carried out in a completely randomized experimental design with two factors [factor 1: CCC application at concentrations of 500 or 2000 ppm or shoot apex excision; factor 2: stage of plant development at the time of treatment]. Due to the statistically significant interaction between these factors, the analysis of variance was carried out separately for the treatments at each stage of plant development. All results were subjected to analysis of variance (ANOVA) and where the F-test proved significant (p=0.05) means were compared by Duncan's multiple range test using the statistical programme StatGraphics 5.1.
Results
CCC induced a statistically significant reduction in mean plant height in comparison with the control, irrespective of the time of application (Table 1 ). The reduction in plant height by 2000 ppm CCC was similar for all application times (29-32%) and was significantly more than that induced by 500 ppm CCC (15-23%). In contrast, 500 ppm CCC had less effect on plant height when applied 26 DAT than at 0 DAT or 40 DAT (Table 1) . Removal of the apex of the main shoot at 26 or 40 DAT terminated the growth of the main stem at a height of 50 and 80 cm respectively. Mean values in the same column that are followed by the same letter do not differ significantly according to the Duncan test (p=0.05).
Mean values in the same row that are followed by the same letter in parenthesis do not differ significantly according to the Duncan test (p=0.05).
DAT: Days After Transplantation.
The number of nodes on the main stem was significantly lower when plants were sprayed with 500 or 2000 ppm CCC at the time of transplantation (0 DAT) as well as when 2000 ppm CCC was applied 26 DAT, but not at 40 DAT ( Table 2 ), indicating that the effect of CCC relates to the stage of plant development at the time of application. When the main stem apex was excised 26 or 40 DAT the mean number of nodes was low because excision prevented subsequent node induction.
Mean internode length of the main stem was significantly reduced by CCC application. At the time of transplantation (0 DAT), 2000 ppm CCC caused a greater reduction of internode length than 500 ppm CCC, but at 26 and 40 DAT there was no significant difference between the two CCC concentrations (Table 2 ). In contrast, excision of the main stem apex caused an increase in mean internode length compared with the control, irrespective of the stage of plant development at the time of excision (26 or 40 DAT). Mean values in the same column that are followed by the same letter do not differ significantly according to the Duncan test (p=0.05).
Application of 500 ppm CCC at the time of transplantation (0 DAT) caused an increase in the number of side (lateral) shoots per plant but not thereafter, whereas 2000 ppm CCC had no effect on the number of side shoots irrespective of the time of application (Table 3 ). The mean length of the side shoots was not affected by the application of 500 ppm CCC at transplantation (0 DAT), but was reduced by 27-31% when this concentration of CCC was employed at 26 or 40 DAT. The higher concentration of CCC (2000 ppm) caused a significant reduction in side shoot length at all times of application, and as high as 60% at 26 DAT. Early excision of the terminal apex of the main shoot (26 DAT), but not later (40 DAT), caused a significant reduction in the number of side shoots per plant. Irrespective of the time of excision, a significant increase in side shoot length was observed (Table 3) . Mean values in the same column that are followed by the same letter do not differ significantly according to the Duncan test (p=0.05).
The mean number of pods per plant decreased when the main shoot apex was excised 26 or 40 DAT or by the application of 2000 ppm CCC at all stages of plant development (Table 5) . However, 500 ppm CCC caused a decrease in the number of pods per plant only when applied at 26 DAT. Between 45 and 55% of the total number of pods per plant were formed on the main stem, irrespective of the time and concentration of CCC applied. However, when the main shoot apex was excised, subsequent pod induction occurred solely on the side shoots, thus accounting for the low percentage of pods (10-12%) formed on the main stem in this treatment. Mean values in the same column that are followed by the same letter do not differ significantly according to the Duncan test (p=0.05).
All treatments, with the exception of 500 ppm CCC applied at 40 DAT, caused a reduction in the weight of pods per plant; moreover the reduction in weight tended to be greater when treatments were applied at early stages of plant development (0 and 26 DAT) (Table 5) . For treatments at 26 DAT, the reduction in pod weight was highest for plants the main apex of which was excised, whereas at 40 DAT the reduction was highest for the 2000 ppm CCC treatment.
Discussion
Naturally, excision of the main shoot apex is the most effective way of restricting plant height. However, application of this method at the stages of plant development used in the present experiment is not beneficial because the subsequent induction of side shoots was either inhibited (26 DAT) or not affected (40 DAT), and although side shoot length increased, particularly in the first formed side shoots due to an absence of competition, the number of nodes per shoot did not differ from the control. Since pods form singly at the nodes (Swamy Rao & Ramus, 1975) , the loss of pod formation on the main shoot due to apex excision was not compensated for by an increase in pod production on the side shoots (Olasantan, 1986) ; hence pod number and weight per plant decreased significantly in comparison with the control. In consequence, although hand harvesting might be easier due to the restriction of plant height, the increased length of the side shoots would not favour an increase in plant density to compensate for yield loss, as proposed by Shrestha (1983) . Alternatively, it may be preferable to terminate main shoot growth at a later stage (e.g. 1.0-1.5 m) even though this may be less convenient for hand harvesting.
The application of CCC at two concentrations (500 and 2000 ppm) caused a reduction in the height of the main stem of okra, as in sunflower (Dorrell, 1973) and wheat (Lowe & Carter, 1972) , which resulted from a reduction in internode length probably due to the inhibition of gibberellin synthesis by CCC (Kozlowski et al., 1991) and in particular GA1, which is considered to be responsible for internode length (Brown et al., 1997) . In okra, however, CCC application at an early stage of plant development (500 ppm CCC at 0 DAT, or 2000 ppm CCC at 0 or 26 DAT) caused a reduction in the number of nodes, which may indicate toxicity (Mastalerz, 1977) . The reduction in node number is especially serious for okra because only one pod is formed per node, and therefore a reduction in yield occurs.
In okra, CCC application reduces the mean length of the side shoots, also via a reduction in internode length. However, because side shoots develop at a later stage of growth (i.e. after CCC application in the present experiment) the number of nodes on the side shoots is unaffected by CCC, irrespective of the concentration or time of application. This effect of CCC is significant because the reduction of plant height assists hand harvesting while www.ccsenet.org/jas Journal of Agricultural Science Vol. 5, No. 9; 2013 the reduction in side shot length permits an increase in plant density, thus counteracting the reduction in pod number and weight per plant.
From the present experiment it is clear that although the higher concentration of CCC (2000 ppm) caused a greater reduction in plant height compared to the lower concentration (500 ppm) and to the control, it cannot be proposed for use on okra because of the significant reduction in yield. Studies elsewhere have shown that the efficacy of CCC as a growth retardant may be affected not only by CCC concentration but also by factors such as plant species, the stage of growth at application and the growth environment (Cathey, 1964; Alexopoulos et al., 2006) . In okra, the application of 500 ppm at transplantation (0 DAT) caused an increase in the number of side shoots, as observed for roses (Rosa hybrida cv. 'Raktagandha') (Bhattacharjee & Singh, 1995) . Thus, the plants produced totally the same number of pods as the control, although mean pod weight was lower probably due to competition between shoots for nutrients, but also possibly as a result of leaf shading due to the shorter internode distances on the side shoots. Although the flowering of many okra cultivars is promoted by short days (Ghanti et al., 1991) , all Greek cultivars including cv. 'Boyiatiou', are day neutral (Koutsos, 2009 ). This may explain the apparent lack of effect of CCC on flower induction, in contrast to foreign cultivars (cv. 'Clemson spineless' and 'Better Five') (Zayed et al., 1985; Rahman et al., 1994) . The application of 500 ppm CCC at a later stage of plant development (40 DAT) caused a greater reduction in plant height than the treatment at transplantation and also, because it caused an increase in side shoots without affecting the number of nodes per shoot, it did not affect pod number or weight. Thus the application of 500 ppm CCC 40 DAT is considered to be the preferred treatment to assist crop management (particularly pod harvesting at a more convenient height) and permit increased plant density within the field.
